Evidence has accumulated demonstrating that the vomeronasal (accessory olfactory) system mediates intraspecific chemosensory communication in several mammals. For example, the neuroendocrine effects of priming pheromones in females and the behavioral responses to signaling pheromones in males are disrupted in mice with damage to the vomeronasal system. The experiment reported here examined the potential involvement of the vomeronasal system in the neuroendocrine reflexes observed in male mice following exposure to female and chemosensory stimuli. Excision of the vomeronasal organ (VNO) or sham VNO ablation was performed on sexually experienced males. Next, consecutive blood samples were withdrawn through chronic, intracardiac cannulas while the males were exposed to female mouse urine and then to an ovariectomized female. Plasma levels of luteinizing hormone (LH) were measured in the sequential samples by radioimmunoassay.
male and female mice, respectively (Mackintosh and Grant, 1966; Ropartz, 1968; Dixon and MacKintosh, 1971 ). Both priming and signaling pheromones are detected in mammals by nasal chemoreceptors.
The vomeronasal (accessory olfactory) system, which is anatomically distinct from the main olfactory system, has been implicated in animals' responses to sex-related pheromones because it communicates with central structures involved in reproductive processes (Keverne, 1979; Wysocki, 1979) . From sensory receptors in the vomeronasal organ (VNO), the vomeronasal system projects multisynaptically to the medial amygdaloid nucleus and posteromedial cortical amygdaloid area, the bed nucleus of the stria terminalis, the medial preoptic area, and the ventromedial nucleus of the hypothalamus (Scalia and Winans, 1976; Macrides and Davis, 1983) . In addition, disruption of vomeronasal input to the central nervous system inhibits several responses to pheromones.
Interrupting vomeronasal afferents eliminates the acceleration of puberty in juvenile females, the suppression of estrous cyclicity in females housed in groups, and the blockade of pregnancy by exposure to unfamiliar males, all of which are responses to priming pheromones in mice (Reynolds and Keverne, 1979; Bellringer et al., 1980; Kaneko et al., 1980) . Furthermore, the vomeronasal system is involved in the ultrasonic vocalizations evoked in male mice by female odors and in the agonistic and copulatory behaviors of male mice, all of which are responses to signaling pheromones (Wysocki et al., 1982; Clancy et al., 1984) . 2230 The Journal of Neuroscience Pheromones, LH, and the Vomeronasal System 2231
Although the vomeronasal system of mice seems to mediate priming effects in females and signaling effects in males, its potential involvement in males' hormonal responses to priming pheromones has not yet been completely established. Mediation of primer responses by the vomeronasal system in male mice is likely, given the neuroendocrine reflexes that are stimulated by females or by the urine of females (Macrides et al., 1975; Maruniak and Bronson, 1976) . In fact, ablation of the VNO in male mice recently has been reported to prevent the elevation of circulating testosterone levels which follows presentation of an anesthetized female (Wysocki et al., 1983) . Consequently, the study reported here was designed to examine the role of the VNO in the pheromonally stimulated, reflexive release of luteinizing hormone (LH) in male mice. Our results demonstrate that an intact VNO is not necessary for sexually experienced males to release LH reliably after exposure to a behaviorally active female, but the presence of the VNO is important for the urine of females to evoke the hormonal response. sodium heparin and 5% citrate/phosphate/dextrose solution added (Gibson et al., 1957 (Gibson et al., , 1961 Hink et al., 1957 Aliquots of fresh urine pooled from several mice were stored frozen until the day the urine was presented to the males as an aerosol spray.
The VNO was excised (VOX group, n = 11) or sham ablations were performed (SHAM group, n = 12) on the sexually experienced males when they were 75 to 80 days old. This protocol is detailed in the preceding paper (Clancy et al., 1984) . Briefly, removal of the VNO was achieved using an oral approach. The wounds were sutured and coated with collodian. and the nalates were allowed to heal for 1 week. Then, an intracardiac catheter was implanted into each male and its patency was maintained according to procedures previously documented (Coquelin and Bronson, 1980) . Cannulated mice received continuous infusions of 0.9% sodium chloride containing sodium heparin (5 III/ml) at 0.3 ml/24 hr throughout the postoperative recovery period. Blood samples were obtained beginning 4 to 5 days after the cannulation surgery and commencing within 4 hr of the onset of the light period. The mice were released from their tethers the next day, and 17 of the animals subsequently were included in a series of behavioral studies (Clancy et al., 1984) . Finally, the extent of damage to the VNO was evaluated in all of the mice by histological examination of horseradish peroxidase (HRP) reaction product labeling within the accessory and main olfactory bulbs after the mice were sacrificed (Clancy et al., 1984) . This procedure and all surgeries were performed using pentobarbital anesthesia.
Blood withdrawal and LH assay. 
Results
Lavage of the nasal cavity with HRP and subsequent histological examination of HRP reaction product revealed heavy 2232 Coquelin et al. Vol. 4, No. 9, Sept. 1984 bilateral anterograde labeling in both the main and accessory olfactory bulbs of the SHAM group. Heavy bilateral labeling of the main olfactory bulb with no detectable reaction product within either accessory olfactory bulb was evident in all but one mouse in the VOX group. Therefore, the hormonal measurements from that male are not included in this report. Thus, excision of the VNO from 10 males virtually eliminated its afferent projections to the accessory olfactory bulb, whereas the projections of the VNO remained intact in the 12 mice receiving sham surgeries (see Clancy et al., 1984 , for further details).
Examples of the hormone levels that were observed in consecutive samples of blood withdrawn from three males after VNO ablation or sham surgery are illustrated in Figures 1 and  2 , respectively. The upper panels in both figures depict the entire sequences of plasma LH observed in individual males sampled for 7.5 hr; the lower two panels of each figure also show plasma LH in individual males, but they are restricted to the periods when the urinary stimuli and females had been presented. Two spontaneous episodes of LH release are evident in male 32 (Fig. 1, upper panel) , whereas five spontaneous elevations observed in male 40 (Fig. 2, upper panel) met the definition for a secretory episode detailed above. Both of these mice released LH reflexively when a female was placed into their cages (indicated by 9 and an arrow in Figs. 1 and 2 ). Presentation of the urine stimulus (denoted by u and an arrow in Figs. 1 and 2 ) evoked an LH reflex in the male with an intact VNO (male 40, Fig. 2 ), but it failed to do so in the mouse lacking its VNO (male 32, Fig. 1) . Similarly, two other males that received sham surgery and that are illustrated in the lower panels of Figure 2 also responded to both social stimuli. Although removal of the VNO apparently did not affect the reflexive release of LH elicited by the presence of a female, VNO ablation eliminated the hormonal response to female urine in most instances (e.g., males 27 and 32, but see male 58 for a contrary example; Fig. 1). A comparison of the spontaneous patterns of episodic LH release between the two surgical treatments is presented in Table I . The number of spontaneous episodes exhibited by the individual VOX males ranged from 0 to 3 during the preliminary 6-hr sampling period, whereas 0 to 5 episodes/6 hr were evident in the SHAM males. The two groups did not differ in the mean number of secretory episodes observed (F(1,13) = Nadir LH concentration (rig/ml) 28 rt 3 (7) 28 + 4 (6) Peak LH concentration (rig/ml) 222 f 36 (7) 165 rt 27 (6) 'Values are mean + SEW, numbers in parentheses, number of subjects. No statistically significant differences were observed in these parameters. 0.61, p > 0.25), nor did they differ in regard to the mean nadir or the mean peak plasma LH concentrations exhibited during the spontaneous episodes (F(l,ll) = 0.00,~ > 0.99, and F(l,ll) = 1.54, p > 0.10, respectively; Table I ).
Male mice lacking their VNOs were significantly less responsive to female urine than were sham-operated animals as evidenced by the observation that only 4 of 10 VOX mice as compared with 11 of 12 SHAM animals exhibited reflexive LH surges (p = 0.02). However, the animals of both groups responded to freely behaving conspecific females as evidenced by the observation that 9 of 10 VOX mice and 11 of 12 SHAM animals exhibited reflexive LH responses (p = 1.00). Inspection of the basal LH records of all animals revealed that several mice had spontaneous episodes of LH release immediately before the presentation of the social stimuli. In a subsequent statistical analysis such records were deleted, and the resulting data are presented in Table II . The rationale for omitting those Vol. 4, No. 9, Sept. 1984 records is that a refractory period exists following an initial release of LH during which there is a low probability of any stimulus evoking a second LH episode (Coquelin and Bronson, 1981) , and the absence of a hormonal response to the test stimulus presented within the refractory period might therefore be misinterpreted as a direct effect of VNO ablation. The result of this more conservative procedure was to remove one to three records from each cell of the 2 x 2 (VNO status x social stimulus) matrix, leaving between 7 and 11 response sequences available for analysis in the four cells shown in Table II . By this analysis, the proportion of males exhibiting an LH response to the urine stimulus again was significantly lower in the mice lacking a VNO relative to those mice with the VNO intact (p = 0.01). However, after the female stimulus, there was no difference between the VOX and SHAM groups in the proportions of males releasing LH (p = 1.00). Among the males that did respond to the social stimuli, the release of LH reached the same peak concentration in the two surgical groups (urine stimulus: F(l,lO) = 1.02, p > 0.25; female stimulus: F(lJ5) = 1.39, p > 0.25).
The mean concentrations of plasma LH that were observed in consecutive samples of blood obtained from all of the mice under the various stimulus conditions are illustrated in Figure  3 When the urine stimulus was presented to the males with VNO ablation, no elevation of circulating LH was observed. A surge of LH was evoked, however, when the urine stimulus was presented to the males with an intact VNO (ANOVA of VOX versus SHAM: F(1,20) = 13.77, p < 0.005). LH responses clearly followed the presentation of a female stimulus to both groups of mice, but the overall mean hormonal response of the SHAM males was larger than that of the VOX males (mean f SEM SHAM = 97 f 6 ng of LH/ml versus VOX = 72 5 7 ng of LH/ ml; F(1,20) = 6.13, p < 0.05).
